10GBASE-T Recelver
Performance in Cable Clamp
and EMI Chamber Testing

IEEE P802.3bg 40GBASE-T Task Force

Pete Cibula (Intel)
Paul Wachtel (Panduit)

Berlin, Germany - March 2015




L
Contributors

« Masud Bolouri-Saransar (Panduit)

* Mike Borgman (Panduit)

* Chris DiMinico (MC Communications)
« Jon Lewis (Dell)

* Ron Nordin (Panduit)

* Ron Tellas (Panduit)

« Paul Wachtel (Panduit)

* Bob Wagner (Panduit)

Version 2.4 IEEE P802.3bg 40GBASE-T Task Force — March 2015 Plenary Meeting



S
Motivation — Continuing work in support of

the Rx CMNR ad hoc, including...

Rx CMNR ad hoc charter and scope/deliverables

» Investigate the receiver common mode noise rejection (Rx CMNR)
test, also known as the cable clamp test, and define an appropriate
specification for 40GBASE-T

Areas for Discussion & Investigation

« ldentify improvements/augmentations to the existing test and
associated configuration/calibration procedures

« Evaluate noise coupling over supported cabling systems

“Things Needed”

» Relationship/correlation between the Rx CMNR test and system
Immunity requirements (standards-based and ad-hoc/those not
comprehended by standards) — focus of this contribution
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Overview of this Correlation Effort

Perform a representative receiver external EM
Interference rejection test using the 10GBASE-T cable
clamp, two representative channels (Catéa UTP and
Cat8 S/FTP), and a pair of 10GBASE-T devices.

Repeat this test, using the same impairment frequencies,
channels, devices, and systems, in an EMC radiated
Immunity test environment. Two physical layouts of the
test channel are used in an initial check on EM
Interference coupling in this environment.

Compare results from the two environments.
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e
EM Rejection Test Setup

« Excerpts from previous P802.3bq 10GBASE-T Clause 55
task force contributions (available oy ————

« This specification is provided to limit the sensitivity of the PMA receiver to common-mode noise

from the P802.3bqg public area) oo ey o s ety i o e sy

* Follows Clause 40.6.1.3.3, Annex = TS
40B and 55.5.4.3 with slight @
modifications — .::fq—;‘)*_ -

» Similar setup used in the chamber . wamm;;;:;;;-?m~- 3

§5.5.4.3, therefore assume informative

correlation lab site —_— e -

|
Test Fixture Considerations

* Experience with real cables
in the recommended test
fixture suggests that some
method of aligning,
centering and supporting
the cable in the cable
clamp helps with test
repeatability

— Tie wraps (not pinching) to
indicate required spacing

— Non-conductive supports
(foam tape) to center the
cable in the clamp

Version 24 IEEE P80230q 40GBASE-T Task Force- San Diego, CA  July 15, 2014 Page 10
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Clamp Rx CMNR Test Design (1/2)
Test and Test Segments

Test
Segment

Operating Mode

Link Configuration

Packet Size

Minimum #

Packets

Start
Frequency
(Hz)

Stop
Frequency
(Hz)

Source
signal
power

1 rNuonr?s;(ts::t;Jp DUT and LP, check TTL, ?:;ggeagnoc:ilaotjplitri]rlw(nmgc({:/]/S) 1514 bytes 500,000,000 none none 0.0 dBm
o oo e oot e, | i | ssomoso | somoson | 552222 cooan
3 rNuonr::é(tS::t)”p DUT and LP, check TTL, fﬁszgign?&tfp"tnimzm ) 1514 bytes | 500,000,000 | 386,666,700 E;Z(Z)'f gféf)g)o 6.0 dBm
4 r“f;?;'{(ts::t)”p DUT and LP, check TTL, f::gg‘;i‘g‘ilitfp"t?r';mg‘:; ) 1514 bytes | 500,000,000 | 693,333,300 1’&%01'2?252?0 6.0 dBm

This illustrates the test table for a single 80MHz to 1GHz
clamp portion of this investigation

Rx CMNR test pass used in the

« Each impairment segment is ~307MHz wide with 401 points in each segment (765 kHz
resolution) and a total of 1,203 discrete frequencies

« Dwell time is 500ms/point, resulting in a single sweep time of ~3.33 minutes

A 307MHz wide sweep is repeated ~5 times during a nominal 15 minute BER test pass
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e,
Clamp Rx CMNR Test Design (2/2)

List Sweep Table Example

* One test pass includes 4 BER test
segments, ~15min/segment

— 1x baseline segment (no noise injection) 387-692MHz

— 3x impairment segments (noise injection
over 1 of 3 frequency bands)

* 80 M H Z - 1 G H Z Swee p Ste p tab | eS u Se 40 1 Frequ!\cy :::::::;e:o Source Power Corrected Step (kHz)

80-386MHz

693MHz-1GHz

p0|ntS for eaCh band 80.000000MHz GdBr:.s()gBm) forSd:To(dBm) Respoz.sga(dam) n/a
80.764750MHz 5.90 6.10 6.03 764.750
— 765 kHz resolution on injected sine oo |50 o1 s o
impairments; 500ms dwell at each frequency  £&7—3 61 s o
Ste 84.588530MHz 5.90 6.10 6.03 764.760
p 85.353280MHz 5.90 6.10 6.03 764.750
. . 86.118040MHz 5.90 6.10 6.05 764.760
— Injected power is corrected for cable clamp B 8270MH: | 59 608 603 764,750
87.647550MHz 5.92 6.08 6.03 764.760
res p() nse 88.412300MHz 5.92 6.08 6.03 764.750
89.177060MHz 5.92 6.08 6.03 764.760
« Pass/Fail Criteria sonesiwes |51 o R
91.471320MHz 5.91 6.09 6.02 764.750
— Link within expected link times, no link drops, —[ezmow.] s 60 COT
meets BER 93:765590MHz 5:90 6:10 5:03 764:760

...continues to 386MHz
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Typical EM Interference Rejection Test Flow

1. Perform cable clamp calibration, and calculate any
required correction factors

—  The cable clamp is “unloaded” during calibration for these
correlation tests

2. Configure DUT and LP systems
3. Run 18t segment (no noise) for baseline

4. Run 2" through 4t segments

1. Begin impairment sweep and cycle continuously throughout
each test segment frequency list

2. Initiate link event (AN restart, reset, etc).
3. Collect Tx/Rx statistics and relevant PHY health indicators for
both the DUT and LP

5. Compile data and analyze results
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e,
Confirming “signal power measured at the

output of the clamp does not exceed 6dBm”

1. Measure clamp response to
fixed +6dBm source

Response to Fixed 6dBm Source
Unloaded Cable Clamp, 80MHz to 1GHz

3. Confirm corrected power to DUT
(ideally 6dBm +/- 10%)

- B O Corrected Power at Clamp Output Terminal
Unloaded Cable Clamp, 80MHz to 1GHz

2. Calculate required source power
for +6dBm at “DUT end”

Source Power for 6dBm at Clamp Output Terminal
Unloaded Cable Clamp, 80MHz to 1GHz

Corrected Clamp Output Terminal Power (dBm)

g8 &8 B 8 8 8 8 8 3 8 B

4 51
Impairment Frequency (MHz)

+ Corrected Response (dBm)
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Measured Impairment Power
With Unloaded Clamp Calibrated to 6dBm

» Uncorrected response at right
varies from 5.92 dBm to 4.20 -
dBm and is adjusted to a i
constant 6dBm before the test
« Measured response (below) SRS NPRP =N=
. . e
during Rx CMNR testing SRimedmedmeemscniesneainninmne e
ShOWS Cable |Oad|ng effect an.IM J000M  J000M  4000M snn;[neh:uencian'.nm F000M  SO000M  SO0.OM fi
| 80MHz - | 387MHz - | 693MHz -
I 386MHz I 692MHz I 1.000GHz

G- CMM Frequency

965 0EEEE2H CMN Amplituds l_; v,

800k -

B0k~

o |mpairment __: :
" Frequency .t el Tl |

sl Lot L T T

sl A ol

- Clamp I I I T
;- Output Power - | | | I

Segment 1 - S'elgmentz e | SegmentS Segment 4
|




e
EMI Chamber Setup Diagram

———
T_—
\
\

|J_

2 meters

e Calibrated Field over 1 meter?
— UTP tested at 3 V/Im
— S/FTP tested at 10 V/m

30 meter, 2 connector channel

— 3m patch cord + 23m cable + 4m
patch cord

« 2 cable orientations within
uniform field

— straight
— ‘“bowtie”

< [

Link Partner
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S
EMI Chamber Setup

« System with DUT is located w-Linear config
2m from source antenna on = Y
a non-conductive table

« The two cable orientations
are illustrated in the
photographs

— Linear, with the 3m patch
cord element positioned as
in a typical radiated
immunity test; ~1m of cable
illuminated

— Bowtie, with the 3m patch
cord, one connector, and
23m link segment elements
configured in as a receiving
antenna; ~25m cable
illuminated
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Chamber Rx CMNR Test Design

Test Packet Size

Segment

Link Configuration

Operating Mode

Minimum #
Packets

Start
Frequency
(Hz)

Stop
Frequency
(Hz)

Source
signal
power

1 rNuonr?s;(tS::t;Jp DUT and LP, check TTL, ?:;ggeagnoc:ilitcfplitri]rlw(nmgc({:/]/S) 1514 bytes 500,000,000 none none 0.0 dBm
2 :\'uon”;;;(ts::t;‘p DUTand LP, check TTL, ?:szgzgn%ti;tjp'ig;mg‘:& ) 1514 bytes | 500,000,000 | 200,066,500 iiif gtléis;) 6.0 dBm
Pt swouranot s fonotme kot st | ssogmomo | ssossero | S | ocan
4 r“f;?;'{(ts::t)”p DUT and LP, check TTL, f::ggzgn?;tsp'it?r';mgm ) 1514 bytes | 500,000,000 | 693,333,300 1’&%01'2?2;’2?0 6.0 dBm

This illustrates the test table for a single 200MHz to 1GHz Rx CMNR test pass used in the
chamber portion of this investigation (limited to 200MHz start frequency by source antenna)

« Each impairment segment is ~307MHz wide with 244 points in the 15t segment, and 401
points in the other segments (765 kHz resolution) and a total of 1,046 discrete

frequencies

« Dwell time is 500ms/point, resulting in a single sweep time of ~3.33 minutes

« A 307MHz wide sweep is repeated ~5 times during a nominal 15 minute BER test pass
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e,
Representing Test Data & Results

« Many PHY link health
Indicators and other debug I
iInformation can be monitored VTRt T T |
& recorded during each test

: SNR Operating Margin —— T

e

segment = — _
« A minimum data set could TS U O | ———
iInclude counts of link drops (if _ r _ '
any), packet errors, and the Other Link Health_l_ndlcators
. : : (PHY-specific)
noise frequencies associated ‘ TR |
with those events/errors T
« Parameters of interest are il |

recorded at ~10s intervals ' = —
during each test segment; Impairment Frequency and =
impairment frequencies and Clamp Output Power
measured clamp power are
logged throughout the test.

s HNERINEES

Example of low-level PHY health indicators
from an EM rejection test
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Final Results Summary (Example)

« Test results include basic operational requirements as
determined by the manufacturer

— In this implementation, we evaluate, time-to-link, link speed, # of
link attempts, link drops, # packets Tx/Rx, Rx errors, and
BER/FER

Test ID: | Link # attempts: | Link # drops:| Link time (ms): | DUT Link speed | DUT Good Tx:| DUT Good Rx: | DUT Lost Frames: | DUT Rx Errors: | DUT Rx-based BER: | DUT Status:

Baseline 1 0 10000 Mb/s 516284137 516284137 0 0.00E+00
80-300MHz 1 0 10000 Mb/s 516413035 516413035 0 0.00E+00
400-719MHz 1 0 10000 Mb/s 516643396 516643396 0 0.00E+00
720-1039MHz 1 0 10000 Mb/s 515848959 515848959 0 0.00E+00
1040-1359MHz 1 0 10000 Mb/s 515816192 515816192 0 0.00E+00
1360-1679MHz 1 0 10000 Mb/s 516531269 516531269 0 0.00E+00
1.680-2.000GHz 1 0 10000 Mb/s 515824748 515824748 0 0.00E+00
Totals 7 0 0/7, avg. =5963 10000 Mb/s  3,613,361,736 3,613,361,736 0 0 0 0/7
Test ID: | | LP Good Tx: | LP Good Rx: | LP Lost Frames: | LP Rx Errors: | LP Rx-based BER: | LP Status:
Baseline 747948965 747948965 0 0.00E+00
80-300MHz 744601074 744601074 0 0.00E+00
400-719MHz 747828993 747828993 0 0.00E+00
720-1039MHz 746998329 746998329 0 0.00E+00
1040-1359MHz 746110184 746110184 0 0.00E+00
1360-1679MHz 746061199 746061199 0 0.00E+00
1.680-2.000GHz 743404262 743404262 0 0.00E+00
Totals 5,222,953,006 5,222,953,006 0 0
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e
Alternate Data Representation for this

Investigation

« Test data and link health indicators
are collected for each segment and
normally plotted as a function of time

] Operating -

—

T Margin — [IIT AR . Sorting and re-formatting results as a
Tl I function of frequency allows a quick
comparison of port performance vs.
| TToomit il ‘ frequency to facilitate debug or, in this
‘ - case, “observe” the coupled EM field
impairment

IR

MM

-/

O RX Errors Rx Errors & SNR Operating Margin
-; ______ } B B "
& s _“ é :
15 Source ——t H
“ ! L vomiiendy 8 enongecayanpr=s Speedes g oy
| — ¥ st {11 lst11 1 LT «(ATRIR1A] T LT Mhs et : ; ‘h
6 — \ X B, n: -‘ﬂ.?‘;A
: Source | T |
________ Power [T ° 5
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e
EMI Rejection Frequency Plot Decoder

DUT Port 0, 62m CAT6a UTP
1
4 09
\, 0.8
S~
_ 07 Measured power
£ _ et at clamp output
H Maximum (“1.0”) e poutp
= 6
= error count 2
E w
4 - 05 E
[ o
2 04 Z
o
-4
&
- 03
- 02
Normalized error
count - 01
-] \T Per-pair and
0 500 1000 1500 2000 average SNR
Frequency (MHz) operating margin
4+ DUT CM noise power 6dBmM @ DUT ~ sereees Average SNR margin = Bl_DA SNR margin
+  BI_DB SNR margin 4 BI_DC SNR margin e BI_DD SNR margin = Errors (normalized)
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Configurations & Terminology

2 chokes located
=2cm

Signal Generator
80MHz - 1GHz

Signal Sensor

(see Note 1)

Test cable

=20cm BASE-T
‘?rgflznritterf from clamp / 'gans‘_mitterf
Receiver UB:enfrer t
Cable Clamp nder Tes

Ground Plane

Link Partner

DUT
“Far End” “Near End”
EMI Chamber
LY
£ %
I %
/ " BASE-T
BASE-T_ / " Transmitter/
Transmitter/ R Receiver
Receiver S Under Test
Test cable
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L
Results Set #1

* Frequency plots for production dual-port device
(baseline operation with EMI features disabled)
— Catoa UTP
— 30m, 2-connector channel (3m+23m+4m)

— Impairment (clamp or antenna signal) coupled onto
the 3m patch cord

— Cable clamp source power is adjusted for 6dBm at
cable clamp output with no cable in the clamp

— Field strength is calibrated for 3V/m over 1m? area
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EM Rejection Clamp, UTP

DUT Port 0, 30m CAT6a UTP

° R esu ItS fo rc I am p an d EMI Cancellation Disabled - Clamp

Mpeys ' =

O At N S gy, L 2° b AL O

Catba UTP = X e | C

7 o ()

£ 8 | -

: : : _ § ! ©

— Clamp-induced impairment is (| A——— O
5! e TS A, P e et e W B

detected between 80MHz and . ?:.?;&;,;5%,@;:,__;%%.‘mw- s | Z

~750M HZ :éf ..“‘:‘;‘::':.‘::‘:.‘ . . :...‘““ “‘ 3

— Far-end errors are detected; “ ) " - -

+  DUT CM noise power —— 6d8m @ DUT <eesees Average SNRmargin - ®  BI_DA SNR margin

doesn’t necessarily align with e e e e

DUT Port 0 Link Partner, 30m CAT6a UTP

far-end margin —_ Suggests a EMI Cancellation Disabled - Clamp

— = wma -0

lower is Link Partner/far-end W_t"““‘“’"mm w B

need to either better suppress e AR v o ’”w"‘““‘%:: o)
far-end coupling, or identify . -5
and d/dx errors from “bad Tx’ | 4 5
E- b e S0l s L
Note — for these and following results, T R e N
the upper plot is DUT/ near-end and the N o
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e
EM Chamber, Linear (Im), UTP

DUT Port 0, 30m CAT6a UTP w/ 1m illuminated

° Results for 3V/m fleld and EMI Cancellation Disabled - Chamber 3V/m
1m straight Catéa UTP

— Chamber-induced impairment
is detected between 200MHz S 2 aai'; ':':""“ T
and ~725MHz B (1 {5 | BCER |

S8 Operating Margin (no uniti)

1

“Near end”

— Error counts for both near- f“,mw_wm'“' o N
and far- end are higher than SR mm.,
with the clamp; far-end shows Y Coneelation labied: Chamber v/
some reduced margin at e,
lower frequencies i y o
| 1 &
Note — Due to source antenna én LT ettt B 1
characteristics, all chamber tests use a T e S
200MHz-1GHz bandwidth for this initial ___[ .
evaluation e A
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S
EM Chamber, Bowtie (30m), UTP

DUT Port 0, 30m CAT6a UTP w/ 30m illuminated

 Results for 3V/m field and F ancstatonDissbled: Chamber 24/ ;9
30m bowtie Cat6a UTP . DU &

— Chamber-induced impairment
is again detected between e WG] s g
200MHz and ~725MHz L H}]‘m L :

— Suggestion of more near-end L e |
coupling between 600MHz TS s——
an d 7OOMHZ EMI Cancellation Disabled - Chamber 3V/m

“Near end”

’
oog

osi
0

. ,u.n;)g“ Jt" NSRS s Sus ey .
"""""""""""""""" F]q“” ]nnﬁ hhp 5 "n;u. Hisurantd pnus pal

SRR SR S S . - - O
) “o 0 1000
Frequency (MHz)

“Far end”

*  DUT OV noise power = G @ DUT seseee Average SNRmacgn % 9_DA SNR margin

o M_DB SNR murgn & _DCSNR margin o _DOSNAR margn ®  Lrroes (normalized)
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Average SNR Operating Margin
 Simplified views of DUT and Link Clrnp, Chamber Linear (), Chamber Bt (30m) -
Partner results using average '8
SNR operating margin and relative . D
normalized total errors to compare o
the three stress conditions o
— Lower avg. SNR operating ; :Z
margins, and higher error counts, — inear
are observed in the chamber tests I~ —
— Both setups can benefit from o e —
some better far-end noise Average SNR Operating Margin
. DUT Port Link Partner, 30m CAT&a UTP
S U p p reSS I 0 n Clamp, Chamber Linear {1m), Chamber Bowtie (30m)
2
Cable Type Impairment Normalized Normalized E ’ )
Source Total DUT Total LP f E
Errors Errors E LL
Cat6A UTP  [Clamp 0.02 0.03 i 3
CatbA UTP  |Linear (1m) 1.00 0.88 )
Cat6A UTP  [Bowtie (30m) 0.64 1.00
Total LP errors = 0.004% of Total DUT errors s ———
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e
Results Set #2

* Frequency plots for production dual-port device
(baseline operation; EMI features disabled)
— Cat8 S/FTP
— 30m, 2-connector channel (3m+23m+4m)

— Impairment (clamp or antenna signal) coupled onto
the 3m patch cord

— Cable clamp source power is adjusted for 6dBm at
cable clamp output with no cable in the clamp

— Field strength is calibrated for 10VV/m over 1m? area
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S
EM Rejection Clamp, S/FTP

DUT Port 0, 30m CAT8 S/FTP
EMI Cancellation Disabled - Clamp

* Results for clamp and Cat8 * e
SIFTP ’ S

“Near end”

% I
— Little/no evidence of induced  § .. __ e
Impairment using average T e A T S R

SNR operating margin &
errors as the figure-of-merit ° T e T

_ Oth e r IOW- | eve | P H Y SySte m DUT Port 0 Link Partner, 30m CAT8 S/FTP

performance ind|Cat0|‘S (not EMI Cancellation Disabled - Clamp - ,
shown) show that the R g g el S

*e o

external field is being *
coupled into the system

oy
aug

osi
04

“Far end”

. . . -ﬂ—.\—u-_--—.-l'.u-—- BBt aR @ Oun Guny ofe YRS s Syt fem m on
— Resulting noise power is not e e s

Slg n |f| Cant for the 1OG BAS E- ( e Sn e 40009t ot N s IV e S0P emet e st gt o sor a0 w0t 2 ::
T PHY P g

Frequency (MHz)

+  DUT CM noise powes = Gdfien @ DUT e Average SNRmacgin % BI_DA SNR margin

+  B_08 SNR margin o B1_DC SNR margin o BI_DDSNRmargn = Errees (normalized)
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L
EM Chamber, Linear (1m), S/IFTP

DUT Port 0, 30m CAT8 S/FTP w/ 1m illuminated

. R es u ItS fo r 1 OV/m fi e I d EMI Cancellation Disabled - Chamber 10V/m ~ :Ig

. ©
and 1m straight Cat8 S
S/IFTP : A
i [SS S <)
o B ‘!te::m"‘:'f Tt e | £

— More variation in average : R O L
SNR operating margin at R

the DUT/near-end e

- Suggests more impairment DU‘I_'PurtOLlnkPartnerBOmCATSS_ifFIowlmlllumlnated
. EMICanullahnn Disabled - Chamber 10V/m
power is coupled to the semermsrues
channel and MDI in this

environment

! .
¢ ;
;

= 0%
b s 26 m o 8 sAnm § oS @ &G
- a M I T adg 04

“Far end”

B e T T e -y 03
] Twmpdmbrer TR AT T R I T
H e TR L L Lt e A Tt L L sRe3.
i . 0z
* o -— . - m——-
i A &0 = 00
Frequency (MHz)
* DU CM rioite povwet = Gl @ DUT e Ay rage SR gl 8 BI_DA SNR margin
*  B_D@& SNR margin & [_DC SNR margin ®  [I_DDSNR mangin »  Erroes (noemalized)
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EM Chamber, Bowtie (30m), S/FTP

DUT Port 0, 30m CAT8 S/FTP w/ 30m illuminated

. R eS u ItS fo r 1 OV/m fi e I d EMI Cancellation Disabled -CT.Tlier 10V/m . - :Ig

. e
and 30m bowtie Cat8 S
S/IFTP : 1 s
E‘ 8 P T s Fenl S0 Sotew el badomfn ol E ®
. g: gueggg!,:_!gtau (;1.': roa 5--.:.-:.,_3.: ..... Z

— Comparable to 1m linear . gt R =

configuration e
— Reported operating e e e

m arg I n S S u g g eSt h I g h e r DUT Port 0 Link Partner, 30m CATS8 5/FTP w/ 30m illuminated
EMI Cancellatwn Disabled - Chamber 10V/m

external EM field pickup e e e s

— Some interesting behavior
at the DUT/near-end %
between 200MHz-300MHz i v
and around 500MHz y

“Far end”

l. ............................. w“:'. I'}bﬂt"f"’"""fr'tg‘rli’t’F?ﬁlv!l 03

LI R

s - ——— .-

Frequency (MHz)

*  DUT CM moie porwer —— Giliem @ DUT e Apeiage SR gl 8 BI_DWA SNR margin

*  B_DESNR magin & [_DC SMR maegin & BI_DDSNR mangin »  Ervoes [noemalized)
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e
CAT8 S/FTP Results Comparison

« Simplified views of DUT and Clamp, Chamber Linear 1) Chamace Bowtie (30m) -
Link Partner results using e o R e 2
average SNR operating margin ' v
and relative normalized total i \ oW 8
errors to compare the three Clamp E Z
stress conditions 5 i

— Lower avg. SNR operating
margins are observed in the e T
Chamber teStS Average SNR Operating Margin
— There are some observable Claro, e Linea {1, Chamies Bowtie (50w
differences between the two EM | o MR e b A EO
chamber configurations - Bt et B
— No noticeable far-end effects in 8
any of the three setups § @
LL
No error table — no errors reported!
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Recommended Text for 113.5.4.3
(From March 4™ 2015 Rx CMNR ad hoc)

113

.5.4.3 Rejection of External EM Fields

When the cabling system is subjected to electromagnetic fields, currents are generated in the
shield which may be converted to interference. This specification is provided to limit the sensitivity
of the PMA receiver to external EM fields picked up by the cabling and interconnect system. It
provides an assessment method of the electromagnetic performance of the link segment and the
PHY, including the MDI.

An 80 MHz to 2000 MHz test can be made based on the cable clamp test defined in 40.6.1.3.3, a
30 meter plug-terminated Category 8 channel that meets the requirements of 113.7, and suitable
broadband ferrites. All components in the test remain over the ground reference plane. A sine
wave with the amplitude held constant over the whole frequency range from 80MHz to 2000MHz,
with the amplitude calibrated so that the signal power measured at the output of the clamp does
not exceed 6dBm, is used to generate the external electromagnetic field and corresponding shield
current.

A system integrating a 40GBASE-T PHY may perform this test to evaluate anticipated
performance in regulatory test environments. Operational requirements of the transceiver during
the test are determined by the manufacturer.

Editor’s note (to be removed prior to publication): Commenters are encouraged to confirm the
source-adjustment criteria, measurement points, and levels used with the clamp methodology in
this subclause.
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Rx CMNR ad hoc
Potential Paths Forward Re-visited

Measure channel coupling characteristics (ONGOING EFFORTS WITH GOOD PROGRESS)
— How much differential-mode noise results when a channel is exposed to common-mode noise?
* In a chamber environment (see pischl_3bg_01b_1014.pdf)

* In the cable clamp environment (see
cibula_3bqg_02a_1114.pdf,Moffitt_ClampAssessmentUpdate_Feb18'15.pdf)

Evaluate system/PHY response/performance (ONGOING EFFORTS WITH GOOD PROGRESS)

— What are the effects of the resultant noise on system and PHY operating parameters (error ratio/rate,
operating margin?
* Inthe cable clamp environment (THIS CONTRIBUTION AND UPCOMING AD HOCs)
* In achamber environment (THIS CONTRIBUTION AND FOLLOW-UP WORK)

Establish correlation between regulatory requirements and lab conformance tests

— Modeling? — xV/m source coupled into cable assuming certain coupling characteristics, then confirm with chamber
measurements

» Test configurations, including anomalous configurations as a point of reference/investigation

* Coupling technologies — how to effectively inject noise beyond 900MHz (or the limit of the cable clamp
method)? Or is the existing clamp sufficient as suggested by early efforts?

Guidance for test implementers
— Clamp verification & calibration with needed enhancements for 25Gbps/40Gbs operation
— Test definition — source-adjustment criteria, measurement points, and levels
— Corresponding informative text (Annex) for Clause 113
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Summary

 Initial correlation testing between cable clamp and EMC chamber
environments over a 200MHz to 1GHz range, has been completed,
using two cable types and a representative 2-connector channel

— Observed 10GBASE-T PHY receive performance, while not absolutely
correlated, is comparable in the two environments

— Using a basic set of operational metrics, this investigation suggests that
the present clamp test source power provides less external impairment
coupling than representative EMC test environments

» Further correlation testing will be performed as the details of
Implementation for Subclause 113.5.4.3, Rejection of External EM
Fields, are refined

« Additional contributions and collaborations are encouraged
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Thank Youl!




Rx CMNR Equipment List

Intel ND X-Lab Twisted-Pair Receiver Common-Mode Noise Rejection Equipment List

Function

Model/Description

Additional information

Comment

Signal source

Agilent E4438C Vector Signal Generator 250 kHz
to 6 GHz

http://www.keysight.com/en/pd-
1000004297:epsg:pro-pn-E4438C/esg-vector-
signal-generator

Relatively high-power
output (20dBm max)

Signal monitoring (test)

Agilent EA416A EPM-P Series Single Channel
Power Meter

http://www.keysight.com/en/pd-
1000003554:epsg:pro-pn-E4416A/epm-p-series-
single-channel-power-meter

Agilent E9323A E-Series Peak and Average Power
Sensor, 50 MHz to 6 GHz

http://www.keysight.com/en/pd-
1000003561%3Aepsg%3Apro-pn-E9323A/e-
series-peak-and-average-power-sensor-50-mhz-
to-6-ghz?cc=US&Ic=eng

Signal monitoring
(calibration)

Agilent N9030A PXA Signal Analyzer, 3 Hz to 50
GHz

http://www.keysight.com/en/pd-1721037-pn-
N9030A/pxa-signal-analyzer-3-hz-to-50-
ghz?cc=US&Ic=eng

Used to measure
differential noise power
at the MDI. Better
sensitivity and dynamic
range than time-domain
(scope) instruments.

ETS P1102 Precision instrumentation balun,
Female-SMA connector to (2) Female-SMA
connectors

http://www.etslan.com/products.cgi?cat=6

Test fixture ETS CC103 Ground Plane - Aluminum 0.125" thick |http://www.etslan.com/products.cgi?cat=4 Cable clamp and DUT
12" x 30" server chassis are bolted
to the ground plane
ETS CC109 Cable Clamp - 3/8" cable aperture with|http://www.etslan.com/products.cgi?cat=4 Large diameter clamp
4 spring latches for CAT6a cables
Other 2X servers

10GBASE-T adapters or eval boards

Various 10GBASE-T channels

SMA/coax cables
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Measured Impairment Power

With Unloaded Clamp Calibrated to 6dBm

Measured Power at Clamp Output Terminal During Test

« Clamp output power presented to " Unlaaded Cable Clamp Calibrated to 648, BOMH: to 1GH
DUT during test with CAT6A UTP
cable varies from 6.01 dBm to 2.03
dBm

« Time-stamped measured response
(below) logged during Rx CMNR
testing shows cable loading effect

Power at Clamp Output Terminal (dBm)
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Measured Impairment Power

With Loaded Clamp Callbrated to 6dBm

eeeeee d responze @ DUT end of clamp m

Uncorrected response at right
varies from -10.4 dBm to
+4.79 dBm from 80MHz to

2GHz o ----m----
Corrected response (below) L. e R e B R R aE
asmeasuredcurng -+ [
CMNR testing — significant ' odon eon sdow  1be 1
Improvement!
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